Structural designers that design buildings use different criteria to select the frames' materiality and structural solutions. Very often, the primary test is the cost of construction. Sometimes, solutions are determined by the terms of structure, architectural preferences, technological needs, fire safety requirements, environmental conditions, exploitation costs over the life of the building, ecological aspects, and experience, etc. This paper proposes an approach for analyzing the structural elements of buildings taking into account the impact on the environment using jointly incorporating subjective and objective aspects. The objective to combine the most important criteria into a single unit and carry out the overall assessment could be done by giving each variable a weighted value and perform a so-called multi-criteria analysis. This article shows the efficiency of the structural solution of the one-story building. The case study presents an investigation and comparison of five possible symmetrical structural solutions by multi-criteria assessment methods: The analysis of three steel frameworks differs majorly due to the beam-column characteristics, as well as precast RC frame structures case and combined steel beams and RC columns frame option. Possible solutions must meet all the essential requirements of the building, including mechanical resistance and stability. The obtained results show a broad assessment of the structural solutions of the building.
Introduction
Environmental restoration, revival and recovery are vital principles for sustainable development. There is a symmetrical balance when all the parts of the objects are well balanced [1] . Correct, logical and rational construction projects are reliable and sound products that for a long time have met the critical architectural, quality and design requirements; safety; price; and influence, and are expected to have a lower long-term impact on the environment [2] . Designers make their final decisions according to several requirements. Scientists have proposed many strategies to improve the profitability of the construction industry and apply sustainable construction methods [3] . The evolution of architecture has highlighted the advantages of the principle of symmetry [4] . It has emerged as artifacts, buildings and artificial environments [5] . It affects such building conditions as structural efficiency, attractive structures, economic production, and functional or aesthetic requirements. Geometric symmetry means symmetry in the plane, and structural symmetry says that the centers of mass and resistance global energy consumed or, equivalently, by the CO 2 released during the entire cycle of life. Concrete is predominantly utilized in buildings and infrastructure worldwide by using ordinary Portland cement (OPC) as a binder. In recent years, the annual world cement production has grown from 1.0 billion tons to approximately 1.7 billion tons, which is enough to produce 1 m 3 of concrete per person.
As a result, the cement industry is commonly regarded as being in a period of high growth. However, the sector has been confronted since the late 1990s by the need to reduce its environmental load, including carbon dioxide (CO 2 ) emissions. Some estimates suggest that the amount of CO 2 emitted from the global output of OPC may be as high as 7% of the total global CO 2 emissions. Furthermore, the production of OPC involves severe collateral environmental impacts, such as environmental pollution caused by dust and the enormous energy consumption required from having a plasticity temperature over 1300 • C. For these reasons, the cement industry has been challenged in the past 10 years to effectively reduce and control CO 2 emissions effectively.
Nevertheless, progress and innovation in materials and construction processes felt towards these goals. As stated by Burgan and Sansom [28] , the path towards sustainability reflects acting in the three main impact areas-environment, society and economy. The sustainability of development is in line with the needs of the current generation in designing, managing and navigating change, ensuring that future generations can meet their needs [29] . A sustainable society considers two critical issues: environment and safety [30] . Development of a sustainable product includes dematerialization, recycling, and compelling design considerations. Ecological design, reduced use of energy, and focus on utility instead of ownership are also important issues in this concept. Adopting sustainable construction practices involves integrating all of the principles of sustainable construction (SC) into the construction project's life cycle plan, with every stakeholder having responsibility for carrying out sustainability practices. Every stakeholder specifically contributes when improving sustainability, while owners play an essential role in requiring other stakeholders to adopt SC practices [31, 32] . Stakeholders need to shape the products and the building's life cycle [33] . The owners' subsequent decision-making and practices are more likely to promote the start of projects, and the real driving force for SC can come from the owners [33] . From the economic perspective, steel solutions enable less construction and operational costs, reducing the life cycle costs, being also a cost-and time-efficient solution [14] . On the environmental front, lightweight structures represent a decrease in raw materials' consumption, allow lighter foundations, preserve the soil, and reduce its movement; also, steel is entirely recyclable. The steel structures can be easily re-used or adapted to new functionalities. Structural designers use different criteria to select structural solutions [34] . Designers significantly impact the sustainable performance of a building by selecting the proper materials [35] .
The common practice in design processes is an economic assessment or classic approach using the reliability theory and risk management of several of the most possible structural solutions [36] . As a result, stakeholders select the option with the lowest price, while omitting non-economic factors (ecological, social, metaphysical (feelings), and cultural aspects) [37] [38] [39] . The selection of suitable materials for building design is essential [40] . Designers rarely use multi-criteria analysis to solve complicated problems. Besides, unresolved issues regarding the subjective qualitative measurements and criteria weights are present in problem solution models [41] .
Multi-Criteria Decision-Making
An integral part of contemporary human activities is choosing the most efficient solutions and justifying the selected alternatives and judgments of selected justifying procedures. Muckler and Seven [42] pointed out that all objective measurement involves subjective judgments. Firstly, developers of plans select which problems must be solved and which ones not. Humans implement almost all decisions of civil engineers in practice. Humans necessarily filled all measurement in science and technology is filled with subjective elements, whether in selecting measures or in collecting, analyzing or interpreting data. In Kant's view, all knowledge begins with human experience and is concurrent with the experience. The need for qualitative multi-criteria evaluation caused it-information contents by the inexact scale of measurement. It is consecutive. The main problem, however, is dealing with qualitative information. Many methods, qualitative data consider as pseudo-metric data, but officially forbid it as a way to consider qualitative details. Qualitative multi-criteria methods, in general, have to be survivable from the classification of the actual data. The lack of information in a multi-criteria analysis may emerge from two sources: (1) an imprecise definition of alternatives, evaluation criteria and preferences (or preference scenarios); and (2) an inaccurate measurement of the effects of other options on evaluation criteria (the 80s called impact matrix) and preference weights. One symmetry description is to say that it is the result of a balanced proportion harmony.
It is worth noting that besides the methodological developments, there are a large number of successful applications of MCDM methods to real-world problems that have made MCDM a domain of great interest, both for academics and for industry practitioners [43] . The increasing complexity of the rapidly evolving business, engineering, science, and technology environments entails making the right decisions when considering environmental, market and economic considerations. The stages of a typical MCDM procedure in civil engineering are shown in Figure 1 . Often, different MCDM techniques do not lead to the same results. Multi-criteria utility models are models designed to obtain the utility of items or alternatives that can be evaluated on more than one criterion. caused it-information contents by the inexact scale of measurement. It is consecutive. The main problem, however, is dealing with qualitative information. Many methods, qualitative data consider as pseudo-metric data, but officially forbid it as a way to consider qualitative details. Qualitative multi-criteria methods, in general, have to be survivable from the classification of the actual data. The lack of information in a multi-criteria analysis may emerge from two sources: 1) an imprecise definition of alternatives, evaluation criteria and preferences (or preference scenarios); and 2) an inaccurate measurement of the effects of other options on evaluation criteria (the 80s called impact matrix) and preference weights. One symmetry description is to say that it is the result of a balanced proportion harmony. It is worth noting that besides the methodological developments, there are a large number of successful applications of MCDM methods to real-world problems that have made MCDM a domain of great interest, both for academics and for industry practitioners [43] . The increasing complexity of the rapidly evolving business, engineering, science, and technology environments entails making the right decisions when considering environmental, market and economic considerations. The stages of a typical MCDM procedure in civil engineering are shown in Figure 1 . Often, different MCDM techniques do not lead to the same results. Multi-criteria utility models are models designed to obtain the utility of items or alternatives that can be evaluated on more than one criterion. 
Available MCDM methods for problem-solving
In the last three decades, scientists have developed dozens of MCDM methods [44] that have been applied to address various issues in civil engineering [45] [46] [47] and used for sustainability problems [48] . A large variety of different problems emerging in civil engineering projects can adequately be addressed using the MCDM methodology and its related techniques [49] . They differ concerning how they combine the data. MCDM methods are broadly classified into two classes: discrete MCDM or MADM and continuous MODM (Multi-Objective Decision Making) optimization methods [50] . They all require the definition of options and criteria, and most of them demand a measure (e.g., weights) for assessing the relative significance of the criteria. 
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In the last three decades, scientists have developed dozens of MCDM methods [44] that have been applied to address various issues in civil engineering [45] [46] [47] and used for sustainability problems [48] . A large variety of different problems emerging in civil engineering projects can adequately be addressed using the MCDM methodology and its related techniques [49] . They differ concerning how they combine the data. MCDM methods are broadly classified into two classes: discrete MCDM or MADM and continuous MODM (Multi-Objective Decision Making) optimization methods [50] . They all require the definition of options and criteria, and most of them demand a measure (e.g., weights) for assessing the relative significance of the criteria.
A Hybrid MCDM Model for Problem Solution
This work uses a hybrid method, i.e., a combination of fuzzy ARAS, fuzzy form of the multiplicative utility function, and DHP ( Figure 2 ). Belton and Stewart [51] point to the need for such an integrated approach; applying hybrid methods or multiple different techniques simultaneously to the same decision problem might well serve the purpose from the behavioral and educational point of view. Researchers and practitioners had and lately increasingly supported the use of hybrid methods. Such approaches most frequently use two or more MCDM methods or a combination of the MCDM methods and other decision support approaches. 
A hybrid MCDM model for problem solution
This work uses a hybrid method, i.e., a combination of fuzzy ARAS, fuzzy form of the multiplicative utility function, and DHP ( Figure 2 ). Belton and Stewart [51] point to the need for such an integrated approach; applying hybrid methods or multiple different techniques simultaneously to the same decision problem might well serve the purpose from the behavioral and educational point of view. Researchers and practitioners had and lately increasingly supported the use of hybrid methods. Such approaches most frequently use two or more MCDM methods or a combination of the MCDM methods and other decision support approaches. The integrated approach consists of three phases. In phase 1, a teamwork approach is taken to formulate the ideas for decision-making. In this stage, decision-makers define the alternatives. In the first step, a team of five selected experts selects the methods to evaluate and score options, determine communication procedures for the evaluation process and create an evaluation timeline. The most popular methods are rated according to Saaty's and Ergu's [52] 16 criteria. Later, three different MCDM methods are selected to solve the problem: The Analytic Hierarchy Process (AHP) method to determine criteria weights, the ARAS-F, and the fuzzy product model (modified by the paper's authors) for multi-criteria assessment of feasible alternatives.
In the second step, a set of evaluation criteria using the nominal group technique Delphi are established.
In the third step, a set of cardinal criteria weights to determine the relative importance of evaluation categories (based on the AHP) is provided.
Finally, the overall multi-attribute utility performance score for each feasible alternative is determined. The integrated approach consists of three phases. In phase 1, a teamwork approach is taken to formulate the ideas for decision-making. In this stage, decision-makers define the alternatives. In the first step, a team of five selected experts selects the methods to evaluate and score options, determine communication procedures for the evaluation process and create an evaluation timeline. The most popular methods are rated according to Saaty's and Ergu's [52] 16 criteria. Later, three different MCDM methods are selected to solve the problem: The Analytic Hierarchy Process (AHP) method to determine criteria weights, the ARAS-F, and the fuzzy product model (modified by the paper's authors) for multi-criteria assessment of feasible alternatives.
Finally, the overall multi-attribute utility performance score for each feasible alternative is determined.
Fuzzy Number
Various types of membership functions are used. In this study, fuzzy triangular numbers (TFN) are used. A fuzzy set is a class of objects with a continuum of membership grades. A membership function, which assigns to each object a degree of membership ranging between zero and one, characterizes the set. A fuzzy set A defined in space X is a set of pairs:
where fuzzy set A is characterized by its membership function µ A : X → [0; 1] µ A : X → 0 , which associates with each element x ∈ X, a real number µ A (x) ∈ [0; 1]. The value µ A (x) at x represents the grade of membership of x in A and is interpreted as the membership degree to which x belongs to A. So the closer the value µ A (x) is to one, the more x belongs to A, x ∈ 0. A crisp or ordinary subset A of X can also be seen as a fuzzy set in X with a membership function as its characteristic function, i.e.,
The set X, specifically as a universe of discourse, can be written as ⊆ X. Sometimes a fuzzy set A in x is denoted by listing the ordered pairs (x, µ a (x)), where the elements with zero degrees are usually not listed. Thus, fuzzy set A in X can be represented as A = {(x, µ A (x))}, where x ∈ X and
When the universe of discourse is discrete and finite with cardinality n, that is X = {x 1 , x 2 , . . . , x n } X = x 1 , x 2 , . . . , x n , the fuzzy set A can be represented as
When the universe of discourse X is an interval of real numbers, fuzzy set A is expressed as
A fuzzy number is a triangular fuzzy number (α, β, γ) if three parameters (α < β < γ) fully describes its membership function.
Defuzzification
A defuzzification process is applied to obtain a crisp output. Defuzzification is the production of a quantifiable result in fuzzy logic, given fuzzy sets and corresponding membership grades. Scientists proposed different defuzzification techniques. The triangular membership function is the most typical ( Figure 3 ). Laarhoven and Pedrycz [53] defined the basic operations of fuzzy triangular numbers n 1 and n 2 as follows:
, division (9) k n 1 = kn 1α , kn 1β , kn 1γ , multiplication by constant (10)
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The DHP (Delphi Hierarchy Process)
To strengthen the AHP method, Khorramshahgol and Moustakis [54] suggested a new DHP (Delphi Hierarchy Process) technique, which incorporates the Delphi method to collect expert judgments ( Figure  4 ). It makes use of the advantages of AHP in determining the weights of criteria and the simplicity of fuzzy ARAS or fuzzy form of the multiplicative utility function for ranking alternatives.
Most human solutions are compromises between competing goals. They refer to the assessment of multiple alternatives [55] . A fundamental problem of decision theory is to choose the proper approach to derive weights for a set of criteria according to significance. Relative importance is usually judged according to several criteria [56] . A variety of methods are proposed for eliciting weights. There is no best way to set criteria weights. The ratio method, swing method and tradeoff method (called pricing out) [57] are general weight elicitation procedures applied in engineering researches. Schoemaker and Waid [55] compared five fundamentally different approaches for determining such weights.
The review of past works shows that AHP is the most common MCDM method used to solve civil engineering multi-attribute decision-making problems. The oldest reference dates from 1972 [58] ). Later, Saaty [56] described the technique. An analysis process using the AHP is shown in Figure 4 . The AHP modeling process is based on four principles: structuring the decision problem, measurement technique (the impact of the elements of the hierarchy is assessed through paired comparisons done separately in reference to each of the aspects of the level immediately above), data collection, determination of normalized weights, and synthesizing to find a solution to the problem [59] .
For the establishment of a pair-wise comparison matrix A; Let C1, C2, …, Cn denote the set of elements, while aij represents a quantified judgment on a pair of elements Ci and Cj. The relative importance of the two aspects is rated using a scale (Table 1) . These scales yield an n × n matrix A as C1, C2, …, Cn where aij = 1 and aij = 1/aij, i, j = 1, 2, …, n. In matrix A, the problem becomes one of assigning to the n elements C1, C2, …, Cn a set of numerical weights w1, w2, …, wn that reflect the recorded judgments. 
To strengthen the AHP method, Khorramshahgol and Moustakis [54] suggested a new DHP (Delphi Hierarchy Process) technique, which incorporates the Delphi method to collect expert judgments ( Figure 4 ). It makes use of the advantages of AHP in determining the weights of criteria and the simplicity of fuzzy ARAS or fuzzy form of the multiplicative utility function for ranking alternatives.
For the establishment of a pair-wise comparison matrix A; Let C 1 , C 2 , . . . , C n denote the set of elements, while a ij represents a quantified judgment on a pair of elements C i and C j . The relative importance of the two aspects is rated using a scale (Table 1) . These scales yield an n × n matrix A as C 1 , C 2 , . . . , C n where a ij = 1 and a ij = 1/a ij , i, j = 1, 2, . . . , n. In matrix A, the problem becomes one of assigning to the n elements C 1 , C 2 , . . . , C n a set of numerical weights w 1 , w 2 , . . . , w n that reflect the recorded judgments.
. . . (Table 1 ) [56] . There are n(n − 1)/2 judgments required to develop an n × n judgment matrix since reciprocals are automatically assigned in each pair-wise comparison.
According to Saaty, the largest eigenvalue max λ would be ( )
Saaty proposed utilizing the consistency index (CI) and consistency ratio (CR) to verify the consistency of the comparison matrix. CI and CR are defined as follows: (Table 1 ) [56] . There are n(n − 1)/2 judgments required to develop an n × n judgment matrix since reciprocals are automatically assigned in each pair-wise comparison.
According to Saaty, the largest eigenvalue λ max would be
Saaty proposed utilizing the consistency index (CI) and consistency ratio (CR) to verify the consistency of the comparison matrix. CI and CR are defined as follows:
Here, the RI (Table 2) represents the average consistency index over numerous random elements of the same order reciprocal matrices.
Fuzzy Group Criterion Weight is Determined as Follows:
After the criteria weights from the AHP are established, the synthesizing of the ratio judgments is performed.
Suppose that W = w 1 , w n = w j are fuzzy group weights for n criteria and w j is the fuzzy triangular number
where
is the most probable value and w jβ = max k y jk , j = 1, n, k = 1, p is the maximal possible value of j criterion. The CR ≤ 0.1 indicates that the matrix reached consistency.
Additive Ratio Assessment Method (ARAS) with Fuzzy Criteria Values (ARAS-F)
The MCDM ARAS method [61, 62] with a fuzzy criteria values method [63] was selected to solve the problem. At the first stage, a problem is represented by the fuzzy decision-making matrix of preferences for m reasonable alternatives rated on n criteria:
where x ij -fuzzy value represents the performance value of the i alternative regarding the j criterion, x 0j -the optimal value of j criterion. A tilde "~" is placed above a symbol if the symbol represents a fuzzy set. If the optimal value of j criterion is unknown, then
x ij is preferable, and
At the next stage, dimensionless criteria values x ij from the matching criteria are calculated and expressed in the normalized decision-making matrix X:
The criteria, whose preferred values are maximal, are standardized as follows:
The cost type criteria (preferred values are minimal) are normalized as follows:
The third stage, normalized-weighted matrix X is defined. The sum of the weights w j is limited as follows:
Normalized-weighted values of all the criteria are calculated as follows:
where w j is the weight (importance) of the j criterion and x ij is the normalized rating of the j criterion.
The following task determines the values of the optimality function:
where S i is the value of the optimality function of the i selection.
The most significant value is the best, and the last value is the worst. The result of fuzzy decision making for each alternative is a fuzzy number S i . There are several methods for defuzzification. The center-of-area is the most practical and easy to apply for this reason:
The equation used for the calculation of the utility degree K i of an alternative A i is given below:
where S i and S 0 are the optimal criterion values, obtained from Equation (24).
The fuzzy Multiplicative Utility Function
The transitive decomposable model was introduced by Krantz et al. [64] as a natural generalization of the model. It amounts to replacing the addition operation by a general function that is increasing in each of its arguments.
The criteria values x * ij with favorable minimal values are transformed as follows:
The optimality function values are calculated as follows:
where U i and U 0 are the optimal criterion values, obtained from Equation (27).
Integrated Utility Function
An integrated utility value of a considered alternative is calculated as given below:
where K Ai are K i values obtained from Equations (25) and (27) respectively.
Description of the Problem
The authors investigated a real case study as an object for multi-criteria assessment. The dimensions of the building are 78 × 9 × 3.5 (h) m. A structure consists of 14 transverse frames 9 × 3.5 (h) m (see Figure 5 ) set in step 6 meters. There are three identical buildings at the site. Therefore, 42 frames are needed.
Only structural elements of the frames are included in the analysis. Bracings and other secondary elements are disregarded in the investigation. The objective of the research is a selection and multi-criteria assessment of structural solutions. The building design must satisfy the essential requirements of the building. Five possible structural solutions are investigated. There are three cases of steel frames (Case 1, Case 2 and Case 3); those significant differences are due to the initial rotational stiffness of the beam-to-column joints [65] [66] [67] , one frame from the precast RC columns and beam (Case 4), and one frame from the precast RC columns and steel beam (Case 5).
As the span of the frame is only 9 meters, the beams are used as the main roof load-bearing structural elements in all cases. Steel grade S355 in all cases is used for the steel elements. All the structural calculations are performed according to the rules of design codes. Fulfillment of the ultimate limit state and serviceability limit state checked. The lists of the materials were compounded for all cases. Case 1. Beam cross-section of the IPE300 and columns cross-sections of the HEA160 profiles. For beam-to-column, connection six M20 bolts of 10.9 grade and 20-mm thickness end-plate were used. Horizontal stiffeners 8 mm of thickness were used as well. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness were base plate used. The joints of the frame are shown in Figure 6 . The initial rotational stiffness of beam-to-column joints was 14270 kNm/rad. For column-tofoundation joints, the initial rotational stiffness was 15500 kNm/rad. The element and fittings fulfill the requirements of limit states. Case 2. Beam cross-section of the IPE330 and columns cross-sections of the HEA140 profiles. For beam-to-column, connection six M20 bolts of 10.9 grade and 16-mm thickness end-plate used. No additional stiffeners were used. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness base plate were used. The joints of the frame are shown in Figure 7 . The initial rotational stiffness of beam-to-column joints was 9730 kNm/rad. For column-to-foundation joints, the initial rotational stiffness was 9300 kNm/rad. In comparison to Case 1, these joints are more flexible, because they have no stiffeners in the column for the beam-to-column joint and the column has a smaller cross-section. The element and fittings fulfill the requirements of limit states. For beam-to-column, connection six M20 bolts of 10.9 grade and 20-mm thickness end-plate were used. Horizontal stiffeners 8 mm of thickness were used as well. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness were base plate used. The joints of the frame are shown in Figure 6 . The initial rotational stiffness of beam-to-column joints was 14270 kNm/rad. For column-to-foundation joints, the initial rotational stiffness was 15500 kNm/rad. The element and fittings fulfill the requirements of limit states. Case 1. Beam cross-section of the IPE300 and columns cross-sections of the HEA160 profiles. For beam-to-column, connection six M20 bolts of 10.9 grade and 20-mm thickness end-plate were used. Horizontal stiffeners 8 mm of thickness were used as well. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness were base plate used. The joints of the frame are shown in Figure 6 . The initial rotational stiffness of beam-to-column joints was 14270 kNm/rad. For column-tofoundation joints, the initial rotational stiffness was 15500 kNm/rad. The element and fittings fulfill the requirements of limit states. Case 2. Beam cross-section of the IPE330 and columns cross-sections of the HEA140 profiles. For beam-to-column, connection six M20 bolts of 10.9 grade and 16-mm thickness end-plate used. No additional stiffeners were used. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness base plate were used. The joints of the frame are shown in Figure 7 . The initial rotational stiffness of beam-to-column joints was 9730 kNm/rad. For column-to-foundation joints, the initial rotational stiffness was 9300 kNm/rad. In comparison to Case 1, these joints are more flexible, because they have no stiffeners in the column for the beam-to-column joint and the column has a smaller cross-section. The element and fittings fulfill the requirements of limit states. No additional stiffeners were used. For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness base plate were used. The joints of the frame are shown in Figure 7 . The initial rotational stiffness of beam-to-column joints was 9730 kNm/rad. For column-to-foundation joints, the initial rotational stiffness was 9300 kNm/rad. In comparison to Case 1, these joints are more flexible, because they have no stiffeners in the column for the beam-to-column joint and the column has a smaller cross-section. The element and fittings fulfill the requirements of limit states. Case 4. In this case, the frame was made from precast concrete beam and columns. The columns on the foundations had fixed rigidity. The beam to the columns was connected as pinned. The columns were designed from 250 × 250 mm squares and beams from 250 × 400 (h) rectangular crosssections. The joints of the frame are shown in Figure 9 .
(a) (b) Figure 9 . Pinned beam-to-column (a) and column-to-foundation (b) joints.
The column-to-foundation joints are rigid. This joint was designed using the system of anchor bolts and column shoes for fixing columns to the support rigidly (Peikko certificate). The beam on the columns was supported directly. Columns were reinforced using regular unstrained For column-to-foundation, joint four M20 bolts of 10.9 grade and 25-mm thickness base plate were used. The joints of the frame are shown in Figure 8 . The initial column-to-foundation joints was 10,800 kNm/rad. The beam on the columns was supported, that means no bending moments in the ends of the beam and the top of the columns appeared. The element and joints fulfill the requirements of limit states. Case 4. In this case, the frame was made from precast concrete beam and columns. The columns on the foundations had fixed rigidity. The beam to the columns was connected as pinned. The columns were designed from 250 × 250 mm squares and beams from 250 × 400 (h) rectangular crosssections. The joints of the frame are shown in Figure 9 .
The column-to-foundation joints are rigid. This joint was designed using the system of anchor bolts and column shoes for fixing columns to the support rigidly (Peikko certificate). The beam on the columns was supported directly. Columns were reinforced using regular unstrained Case 4. In this case, the frame was made from precast concrete beam and columns. The columns on the foundations had fixed rigidity. The beam to the columns was connected as pinned. The columns were designed from 250 × 250 mm squares and beams from 250 × 400 (h) rectangular cross-sections. The joints of the frame are shown in Figure 9 . Case 4. In this case, the frame was made from precast concrete beam and columns. The columns on the foundations had fixed rigidity. The beam to the columns was connected as pinned. The columns were designed from 250 × 250 mm squares and beams from 250 × 400 (h) rectangular crosssections. The joints of the frame are shown in Figure 9 .
The column-to-foundation joints are rigid. This joint was designed using the system of anchor bolts and column shoes for fixing columns to the support rigidly (Peikko certificate). The beam on the columns was supported directly. Columns were reinforced using regular unstrained The column-to-foundation joints are rigid. This joint was designed using the system of anchor bolts and column shoes for fixing columns to the support rigidly (Peikko certificate). The beam on the columns was supported directly. Columns were reinforced using regular unstrained reinforcement, and beams were reinforced using unstrained and pre-stressed reinforcement as well. The structures of the frame fulfill the requirements of limit states.
Case 5. In this case, the elements of the frame were made from different materials. The columns were designed as precast RC elements. The beams are made of steel. The columns on the foundations had fixed rigidity. The beam on the columns was connected as pinned. The columns were designed by a 250 × 250 mm square cross-section. Beam cross-section of the IPE360 profile. The joints of the frame are shown in Figure 10 . reinforcement, and beams were reinforced using unstrained and pre-stressed reinforcement as well. The structures of the frame fulfill the requirements of limit states. Case 5. In this case, the elements of the frame were made from different materials. The columns were designed as precast RC elements. The beams are made of steel. The columns on the foundations had fixed rigidity. The beam on the columns was connected as pinned. The columns were designed by a 250 × 250 mm square cross-section. Beam cross-section of the IPE360 profile. The joints of the frame are shown in Figure 10 . The column-to-foundation joints are as rigid as in Case 4. The columns are reinforced using regular unstrained reinforcement. The steel beam on the columns was supported directly. The structures of the frame fulfill the requirements of limit states.
Problem solution
Criteria set and weights of criteria were determined by applying DHP. A group of experts was formed, consisting of three civil engineers, one architect and one economist. It aimed to determine feasible alternatives, criteria set for assessment and criteria weights (Table 3) . Table 3 . Criteria set determined for the case study, based on the DHP.
Abbreviation

Criterion name x1
Costs, € x2 Impact on the environment x3 Installment time, hours x4 Weight, tons x5
Consumption of steel, tons x6
Consumption of concrete, m 3 Five experts (E1, …, E5) assessed the importance of the criteria according to the original Saaty's nine-point scale as shown in Table 4 . The fuzzy criteria weights are determined by using the AHP method according to all experts' opinions (Table 5) . Table 4 . The opinion of experts regarding criteria importance according to Saaty's nine-point scale.
The opinion of expert E1 x1 x2 x3 x4 x5 x6 x1 1.00 3.00 5.00 6.00 7.00 8.00 x2 0.33 1.00 3.00 4.00 5.00 6.00 x3 0.20 0.33 1.00 2.00 3.00 4.00 x4 0.17 0.25 0.50 1.00 2.00 3.00 x5 0.14 0.20 0.33 0.50 1.00 2.00 x6 0.13 0.17 0.25 0.33 0.50 1.00
The opinion of expert E2 ⁞ The column-to-foundation joints are as rigid as in Case 4. The columns are reinforced using regular unstrained reinforcement. The steel beam on the columns was supported directly. The structures of the frame fulfill the requirements of limit states.
Problem Solution
Abbreviation
Criterion Name
Impact on the environment x 3 Installment time, hours x 4 Weight, tons x 5 Consumption of steel, tons x 6 Consumption of concrete, m 3 Five experts (E1, . . . , E5) assessed the importance of the criteria according to the original Saaty's nine-point scale as shown in Table 4 . The fuzzy criteria weights are determined by using the AHP method according to all experts' opinions (Table 5) . Tables 6 and 7 present the considered alternatives representing the frames. A multi-criteria evaluation was performed using the ARAS-F and fuzzy multiplicative utility function (MULT-F) values. The ranks (R) assigned in the assessment for the case study are shown in Table 8 . Beside this, in Table 8 , the integrated assessment of alternatives is presented.
The calculations made with the ARAS-F and the MULT-F gave different results. According to the ARAS-F method, the alternative A4 representing frame, which was made from precast concrete beam and columns, was best suited, while the alternative A 1 , representing the beam cross-section of the IPE300 and columns cross-sections of the HEA160 profiles was ranked second. According to the MULT-F method, the alternative A 1 , representing the beam cross-section of the IPE300 and columns cross-sections of the HEA160 profiles, was best suited; while the alternative A 4 , representing the frame, was made from precast concrete beam and columns representing the beam cross-section of the IPE300 and columns cross-sections of the HEA160 profiles was ranked fourth. The alternative A 1 was the best suited according to the integrated assessment of alternative performances. Table 7 . Criteria values for frame alternatives: normalized-weighted DMM. 
Results and Conclusions
In today's business environment, decision-making is a difficult and time-consuming process involving many criteria. In most cases, these criteria have imprecise and vague values and are challenging. In this study, the integration of the DHP, Fuzzy ARAS, and fuzzy multiplicative multi-criteria utility function shows the significant advantage in data mining for processing uncertain information in effective alternative evaluations.
Five possible solutions to the framed structure were analyzed. Three cases were designed using structural steel elements. One example with precast RC elements and one case mixed RC columns and steel beam. For all cases, lists of materials were combined and multi-criteria analysis performed.
Evaluating construction solutions for the implementation is a complex task which requires proper consideration of the technique and engineering management.
To overcome this problem, the model developed was based on the DHP, fuzzy ARAS, and fuzzy multiplicative utility function value to collect and analyze the judgments of experts for the selected criteria and potential alternatives.
In this study, the MCDM model considered six criteria for evaluating as follows: x 1 -Costs, x 2 -Impact on the environment, x 3 -Installment time, x 4 -Weight (tons), x 5 -Consumption of steel, x 6 -Consumption of concrete. The criteria set listed from the most important in decreasing importance order. The problem solution using the ARAS-F method result shows that the best method is to use alternative A 4 and after that A 1 alternative. The worst alternative is A 5 and the second worst is A 3 . The difference among scores of the best and worst alternatives is 44%. The MULT-F method shows that the best alternative is A 1 alternative, the A 2 alternative ranks as the second best, while A 5 is the worst alternative, and A 4 is the second worst alternative. The alternatives rank is as follows: A 4 A 1 A 2 A 3 A 5 . The MULT-F method is not sensitive to the criteria weights values, and the ratio of the best and worst scores is 3.25. The alternatives rank as follows A 1 A 2 A 3 A 4 A 5 . We offer to rank alternatives according to integrated utility values of investigated alternatives. In this case, the best alternative is the first, and the worst one is the fifth alternative. The ratio of the best alternative score to the worst alternative score equals 89 percent. The final ranking of alternatives is as follows: A 1 A 2 A 3 A 4 A 5 .
The proposed hybrid assessment approach has significantly reduced the required number of experts' judgments.
Multi-criteria assessment has shown that the alternative A1 is the best suited according to the integrated evaluation of alternative performances and constructors should implement it in practice.
The fuzzy ANP (Analytic Network Process) could be developed and implemented for future research work, based on fuzzy linguistic preference relations or its hybrid approaches with many different methods such as fuzzy the PROMETHEE, fuzzy ELECTRE, fuzzy VIKOR, fuzzy SAW, fuzzy ARAS, and fuzzy TOPSIS.
This paper shows that the hybrid approach presented here is useful in the evaluation of alternatives in a significant number of decision-making problems. 
